Abstract. This study was designed to retrospectively evaluate the efficacy and safety of modified FOLFOX-6 regimen in advanced gastric cancer (AGC) patients with poor performance status (PS). From January 2005 to August 2010, 23 AGC patients with poor PS who received mFOLFOX-6 as first-line chemotherapy were reviewed. Patients received 100 mg/m 2 oxaliplatin and 100 mg/m 2 leucovorin (LV) as a 2-h intravenous infusion on day 1, followed by 5-fluorouracil (5-FU) at 2000 mg/m 2 as a 46-h continuous infusion. A total of 22 patients received more than 3 cycles of chemotherapy and were evaluable for tumor response. Seven patients achieved partial response, giving an overall response rate of 31.8%. The median time to progression and overall survival were 3.5 and 9.2 months, respectively. Grade 3-4 hematological toxicities were noted: neutropenia in four patients (17.4%), anemia in two (8.7%) and thrombocytopenia in one (4.3%). Two patients developed febrile neutropenia and one of these patients succumbed to sepsis. Grade 3-4 gastrointestinal toxicities, such as nausea, vomiting and diarrhea were observed in less than 10% of patients. Peripheral neuropathy was observed in 9 patients (39.1%). In conclusion, the mFOLFOX-6 regimen for AGC patients with poor PS was effective with acceptable toxicity. Our results suggest that this regimen may be an effective option for these patients.
Introduction
Gastric cancer is one of the most common types of cancer worldwide in terms of incidence and mortality. In Korea, gastric cancer is the most commonly occurring malignancy, accounting for approximately 15% of newly diagnosed cancer cases (1) . Although its incidence in individuals younger than 50 years has been on the increase, gastric cancer develops more frequently among patients in their seventies and eighties. The only potential curative treatment is surgery; however, a considerable number of patients present with advanced disease at the time of diagnosis. Moreover, more than half of patients treated by complete resection eventually develop recurrent diseases during the course of their condition (2, 3) . Palliative chemotherapy is known to improve survival in advanced gastric cancer (AGC) when compared with best supportive care (4) . However, the prognosis of advanced and recurrent disease remains poor.
Oxaliplatin plus infusional 5-fluorouracil (5-FU) and leucovorin (FOLFOX regimen) is widely used as a first-line treatment in patients with colorectal cancer (5) . A few studies have shown the activity and tolerability of the combination of oxaliplatin and 5-FU modulated with leucovorin (FOLFOX-4, modified FOLFOX-4, FOLFOX-6 and modified FOLFOX-6) in patients with AGC (6-11). The reported objective response rate (RR) was 40-50%, with a median overall survival (OS) of 10 to 12 months. In terms of toxicities, these regimens have been well-tolerated. However, as these studies have been conducted mostly in patients with good performance status (PS), information regarding patients with poor PS is limited.
The aim of this study was to investigate retrospectively the activity and toxicity of a modified FOLFOX-6 (mFOLFOX-6) regimen in AGC patients with poor PS. As this retrospective study would involve no risk of patients, the waiver of patient consent was allowed by the IRB.
Materials and methods

Patients
Treatment schedule. All 23 patients received 100 mg/m 2 oxaliplatin and 100 mg/m 2 leucovorin (LV) as a 2-h intravenous infusion on day 1, followed by 100 mg/m 2 5-FU 2000 as a 46-h continuous infusion. Antiemetic prophylaxis with 5-HT3 antagonists were always administered prior to the oxaliplatin infusion, but corticosteroids were not routinely administered. This regimen was repeated every 14 days to the maximum 12 cycles, unless there was no evidence of disease progression or unacceptable toxicity.
Treatment was delayed for up to 2 weeks until the patient recovered from adverse effects, the absolute granulocyte count exceeded 1,000 µl and/or the platelet count exceeded 100,000 µl. Dose reductions were made according to the most severe grade of toxicity that had occurred during the previous cycle. The dose of oxaliplatin and 5-FU was reduced by 20% for hematological or non-hematological toxicity of grade 3-4. Oxaliplatin was reduced by 20% in patients with persistent peripheral neuropathy. In case of persistent paresthesias interfering with function, oxaliplatin was omitted until recovery.
Response and toxicity evaluation. Baseline evaluation included physical examination, complete blood counts (CBCs), blood chemistry and radiological examinations. Physical examination, CBC and blood chemistry were performed prior to each cycle. Tumor assessments by CT scans were repeated every 4 cycles. Response was assessed according to the guidelines of the Response Evaluation Criteria in Solid Tumors (RECIST) Committee. Complete response (CR) was defined as the disappearance of all evidence of disease. Partial response (PR) was defined as a reduction of at least 30% in unidimensional tumor measurements, without any new lesion or progression of any existing lesion. Progressive disease (PD) was defined as an increase of at least 20% in the sum of the products of all measurable lesions or the appearance of any new lesion, including the reappearance of any lesion that had disappeared. Stable disease (SD) was defined as a tumor response not fulfilling the criteria for CR, PR and PD.
Toxicities, except for peripheral neuropathy, were recorded according to the Common Toxicity Criteria of the National Cancer Institute (NCI-CTC), version 3.0. Peripheral neuropathy was graded according to the following oxaliplatin-specific scale: grade 1, paresthesias or dysesthesias of short duration, but resolving prior to the next cycle: grade 2, paresthesias persisting between two cycles without functional impairment: grade 3, persistent paresthesias interfering with function. For toxicity analysis, the worst data for each patient in all cycles of chemotherapy were used.
Statistical analysis.
Response and toxicity data were analyzed using simple descriptive statistics. Time to progression (TTP) was determined from the first day of chemotherapy to disease progression or death. OS was calculated from the first day of treatment to the date of last follow-up or death. Survival curves were established by using the Kaplan-Meier method.
Results
Patient characteristics.
A total of 23 patients were included in this study. Their baseline characteristics are shown in Table I . The patients comprised 18 male (78.3%) and 5 female (21.7%) patients with a median age of 61 years (range, 30-74). Of the 23 patients, 20 patients (87%) had adenocarcinoma and the remaining 3 had signet ring carcinoma. The most common metastatic site was the peritoneum (43.3%), followed by the abdominal lymph node (34.9%), liver (30.4%) and lung (21.7%). Of the 23 patients, 8 (34.9%) had recurrent disease following curative resection and 15 had metastatic or locally With a median follow-up of 9.2 months, the median TTP was 3.5 months (range, 1.5-13.0), Fig. 1 . The median OS was 9.2 months (range, 2.5-29), with a 1-year survival rate of 13% (Fig. 2) .
Toxicities. All 23 patients were evaluable for toxicity. The toxicity profile is shown in Table II . Four patients (17.4%) delayed the following cycle of chemotherapy due to myelosuppression. Five patients (21.7%) required dose reduction due to grade 3-4 toxicities. Grade 3-4 hematological toxicities were as follows: neutropenia in 4 patients (17.4%), anemia in 2 (8.7%) and thrombocytopenia in 1 patient (4.3%). Two patients developed febrile neutropenia, and 1 patient succumbed to sepsis.
Non-hematological toxicities were generally mild. Grade 1-2 nausea, vomiting and diarrhea were observed in 10 (43.4%), 7 (30.4%) and 3 (13%) patients, respectively. Grade 3-4 gastrointestinal toxicities were as follows: nausea in 2 patients, vomiting in 2 and diarrhea in 1 patient. Grade 1-2 peripheral neuropathy was observed in 8 patients (34.8%), while grade 3 peripheral neuropathy occurred in 1 patient. Peripheral neuropathy led to a dose reduction in 2 patients and treatment discontinuation in 1 patient. Two patients developed allergic reaction during the administration of oxaliplatin in the third and eleventh cycle, respectively. Symptoms and signs included skin rash, pruritis, chest discomfort, tachycardia and hypotension, which were resolved by discontinuation of oxaliplatin and administration of steroids and antihistamines. No more chemotherapy was administered in these 2 patients.
Discussion
During the past decade, new chemotherapeutic agents, such as docetaxel, paclitaxel, capecitabine, S-1, irinotecan and oxaliplatin, have been developed and tested extensively in AGC. Although AGC is considered to be chemo-sensitive with an overall RR ranging between 30 and 60%, its prognosis has remained poor, with a median OS of approximately 10 months. Gastric cancer develops more frequently among elderly patients (1) . Additionally, a considerable number of patients with metastatic or recurrent gastric cancer have poor PS in association with previous gastrectomy or co-morbidity. Therefore, development of optimal regimens for those patients is crucial.
Since the combination of oxaliplatin with LV and 5-FU (FOLFOX-6) has demonstrated good activity and an acceptable safety profile for patients with AGC (6), we treated AGC patients with poor PS using the mFOLFOX-6 regimen (biweekly with 100 mg/m 2 oxaliplatin, 100 mg/m 2 LV and 2000 mg/m 2 5-FU). We used an infusional 5-FU regimen due to the lower hematological toxicity, compared to bolus 5-FU (12, 13) . However, since severe gastrointestinal toxicities such as mucositis and diarrhea were expected with the infusional 5-FU, we administered 100 mg/m 2 LV instead of 400 mg/m 2 in the FOLFOX-6 regimen. A variety of FOLFOX regimens have demonstrated good activity and tolerability for patients with AGC (6-11). However, as the enrolled patients had mostly good PS, information regarding AGC patients with poor PS is limited. In this study, we reviewed the efficacy and safety of the mFOLFOX-6 regimen for AGC patients with poor PS. The overall RR was 31.8%, with a median TTP of 3.5 months and a median OS of 9.2 months. As expected in patients with poor PS, these results are inferior to those in other studies with various FOLFOX regimens (6) (7) (8) (9) (10) (11) . However, the clinical outcomes in our study are comparable to those reported in a phase II study of mFOLFOX-4 for gastric cancer patients with malignant ascites (14) . In the study by Oh et al, approximately 50% of the enrolled patients (22/48) had poor PS (ECOG 2) (14) . Of the 36 patients with measureable lesions, 12 patients exhibited PR, yielding an overall RR of 33.3%. The median TTP and OS observed in all 48 patients were 3.5 and 8.4 months, respectively. Therefore, considering that all patients in the current study had poor PS, our results are encouraging.
In terms of toxicity, the mFOLFOX-6 regimen used in the current study was acceptable. Four patients delayed their next cycle of therapy owing to myelosuppression and 5 patients required dose reduction due to grade 3-4 toxicities or persistent neuropathy. Although there was one treatment-related death, hematological toxicities were manageable. The incidence of grade 3-4 myelotoxicities in the present study was similar to those reported in other regimens that employed the same drugs (6) (7) (8) (9) (10) (11) (12) . The most common non-hematological toxicities were nausea (52.1%) and vomiting (39.1%). However, grade 3-4 non-hematological toxicities (nausea, vomiting, diarrhea and peripheral neuropathy) were observed in less than 10% of patients. Peripheral neuropathy occurred more frequently as compared to other studies (8, 14) , which appears to be associated with a high dose of oxaliplatin (100 mg/m 2 ) in the present study.
In conclusion, the mFOLFOX-6 regimen used in our study was both active and acceptable for AGC patients with poor PS. Our results suggest that this regimen may be an effective option for those patients.
